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The present Invention relates to selective chemotherapeuOc drugs for various diseases inducing 
cancer. More particularly, it relates to a drug-containing protein-bonded liposome. 

A missile therapeutic agent whereby a drug can be concentrated at a required active site utilizing a 
specific reactivity of an antibody, is expected to be useful in various medical fields including a field of 

s cancer treatment in view of Ks high level of effectiveness and low side effects. For realization of such a 
missile therapeutic agent, it is important to estabish a technology for combining an antibody and a drug. 
Heretofore, K has been attempted to bond an antibody and a drug by a method wherein a drug is 
chemically modified for bonding La. a method wherein an antibody and a drug are directly bonded, or a 
method wherein they are bonded via a water-soluble polymer such as dextran. However, with these 

to methods, problems have been pointed out that the amount of a drug which can be bonded per molecule of 
an antibody Ks small, and the activities tend to be reduced by the modification of a drug. On the other hand, 
as a means for transporting a drug in a large amount without modifying the drug, a method has been 
proposed wherein a drug is contained in a liposome and an antibody is bonded to the surface of the 
liposome. Namely, an antibody-bonded liposome has been proposed. 

75 Also in the field of cancer treatment anticancer drug-containing antibody-bonded liposomes have been 
prepared, and many research Institutes have reported excellent antitumor effects thereof (Konno et at., 
Cancer Res. 47, 4471 (1987). Hashimoto et al, Japanese Unexamined Patent Publication No. 134032/1983). 
However, at the same time, some problems of antibody-bonded liposomes have been pointed out. Namely, 
many of antibody-bonded liposomes administered are likely to be captured by organs of reticuloendothelial 

20 system such as liver and spleen, whereby no adequate effects tend to be obtained (Hashimoto et al., 
Cancer Res. 43 5328 (1883)). 

On the other hand, It has been proposed to bond e.g. polyethylene glycol to a liposome as a method of 
improving the general properties of a liposome, such as leakage of the contained substance, agglomeration 
and a nature of being captured by organs of reticuloendothefal system (Japanese Unexamined Patent 

26 Publications No. 248717/1989 and No. 148512/1990, Alexander L Klibanov et al, FEBS letters 268 235 
(1990)). 

However, in these methods, fpophilic derivatives of polyethylene glycol and a compound such as a 
long chain aliphatic add are mixed with other liposome-constttuting lipids, and a polyethylene glycol layer is 
formed on the liposome surface during the preparation of the liposome, or polyethylene glycol derivatives 
so reactive with amino groups are attached to amino groups introduced to the liposome surface. When such 
methods are applied to an antibody-bonded liposome, borxSng of the antibody is likely to be hindered by 
the polyethylene glycol layer already formed on Hs surface, or deactivation of the antibody is likely to result. 
Therefore, the conventional method of incorporating polyethylene glycol has not been primarily intended for 
application to an antibody-bonded liposome. 
35 The present inventors have conducted extensive studies to present a drug-containing antibody-bonded 
liposome having the nature of being captured in the reticuloendothelial system improved, and as a result, 
have found it possible to accomplish this object by firstly reacting a protein to which a thiol group is 
imparted (a thioJ-modrfied protein) to a liposome having maJeimide groups and then reacting a compound 
having a moiety of a poiyalkylene glycol to which a thiol group is imparted (a thiol-modified poJyafkyiene 
40 glycol) to the remaining maieimide groups. 

Thus, the present invention provides a drug-containing protein-bonded liposome comprising a liposome 
containing a drug and having maieimide residues on its surface, and a protein and residues of a compound 
having a poiyalkylene glycol moiety, bonded via respective thiol groups to the maieimide residues. 
In the accompanying drawings: 
45 Figure 1 shows the reactivities of antibody-bonded fposomes to human gastric cancer cell line MKN 45. 
with respect to polyethylene glycol (PEGHnodified and non-modified liposomes. 
The ordinate represents the amount bonded to MKN 45 in terms of the amount of 8-carboxyfiuoresoein 
(CF). In this Rgure, fip represents the CF-loaded liposome, and antibody-bonded lip represents the CF- 
loaded antibody-bonded liposome, 
so Rgure 2 shows the antitumor activities of the adriamycin-containing antibody-bonded PEG-modrfied 
liposome against cancer transplanted to nude mouse. The abscissa represents the number of days after 
Initiation of the therapeutic test, and the ordinate represents the assumed tumor weight In this Figure, t 
represents the day on which the drug was administered; PBS represents a phosphate buffer physiologi- 
cal saline; ADR represents adriamyctn alone; PM represents the adriamycirhoontakiing PEG-modrfied 
ss liposome, and PM(GAH) represents the adrtamycin-ccntatning human monoclonal antibody-bonded PEG- 
modified liposome. 

Now, the present Invention will be described In detaQ with reference to the preferred embodiments. 
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(1) Liposome 

0 The liposome fe composed essentially of phosphatidyl choline, cholesterol and maleimide-modified 
phosphatidyl ethanolamine. However, a phosphatide acid such as dipalmitoytphosphafidic acid (DPPA) 
s or the Dke may be Incorporated as a substance imparting an electric charge. 

As a preferred Eposome, a liposome composed of dipalmitoylphosphatidyl choline (DPPQ, choles- 
terol (Choi) and maleimkie-modified olpalmitoylphsophatjdyl ethanolamine (maleimide-rnodffied DPPE), 
may be mentioned. 

@ The maieimide-fnodified phosphatidyl ethanolamine can be obtained by the reaction of a rnaJeimide- 
io containing compound reactive with an amino group, with an amino group of phosphatidyl ethanolamine 
(PE). The maleimide-containing compound may be N^#-maWmidcx^c>ytoxy)six»nimkie, N-suo 
cinimidyl 4-{p-maieimidophenyDbutyrate. N-succinimidyi 4^p-rT^midc^nyf)propwnat8 or N-(rma)- 
eimidobutylytQxy)sucdnimide. PE may be dipalrrotoylphosphatidyl ethanolamine. 
® The respective components are used in such proportions that per mol of the phosphatidyl cholne. 
75 cholesterol is used in an amount of from 04 to 1 mol. preferably from 0.4 to 0.6 mol, the maleimide- 
modifted phosphatidyl ethanolamine is used in an amount of from 0.01 to 0.2 mol, preferably from 0.02 
to 0.1 mol, and the phosphatide acid is used in an amount of from 0 to 0.4 mot, preferably from 0 to 
0.15 mol. 

@ For the preparation of the liposome, a conventional method can be used. For example, a lipid mixture 
20 having a solvent removed, is hydrated and, emulsified by a homogenizes followed by freezing-thawing to 
obtain a muttilamella liposome. To further adjust it to a proper particle size, it may be subjected to 
supersonic treatment, high speed homogenizing or prcss-fBtratlon by a membrane having uniform pores 
(Hope M. J. et aJ., Biochimica et Biophysica Acta 812, 55 (1985)). 

A preferred size of the liposome is not larger than 300 nm, more preferably from 30 to 200 nm. 

25 

(2) Drug 

(D As the drug, an antitumor drug such as adrtamycin, deunomycin, mitomycin, tisplatin, vincristine, 
eplrubidn, methotrexate, 5FU or acJadnomycin, an aminoglucoside such as gentamicin, a lactam 
so antibiotic such as sutpenisilitn, a toxin such as rich A or diphtheria toxin, antisense RMA against HIV or 
ras gene, or actinopiane (Poiycyclic xanthones produced from actinoptane R-304 (K. Kobayashi et al., J. 
Antibiotics 41 , 741 (1 988)), may be employed. 

© Loading of the drug into the liposome can be conducted by hydrating the lipid with an aqueous drug 
solution In the case of a water-soluble drug, or by mixing the drug and the lipid in a volatile organic 
ss solvent, followed by distilling the solvent off and hydrating the mixture of the drug and the lipid to embed 
the drug in the liposome, in the case of a fat-soluble drug. Further, in the case of adriamycin, 
daunomycin or epirubicin, loading can be conducted by a remote loading method utilizing a pH gradient 
(Lawrence D. Mayer et al. Cancer Res. 49. 5922 (1989)). 

40 (3) Thiol-rnodified protein 

® As the protein bonded to the liposome, various physiologically active substances including an 
antibody. FGF and EGF, may be employed. Preferred Is an antibody. The antibody Is an antibody 
reactive with the virus, bacteria, cells or tissue to be treated For example, polyclonal antibodies of 
45 various animals, a mouse monoclonal antibody, a human-mouse chimeric antibody and a human 
monoclonal antibody may be employed. Among them, a human monoclonal antibody is preferred in the 
sense that ft is not a protein of a foreign animal. 

© Introduction of thiol groups to the protein can be conducted by a method wherein a compound is 
employed which is commonly used for thioi-modification of a protein and which is reactive with an amino 

so group of the protein, such as N-sucdnimktyl-3^-pyridyW^ (SPOP) (Carteson, J. et al., 

Biochem. J. 173, 723 (1978)) or iminothiolane, mercaptoaikyimidate (Traut a R. et al., Biochemistory 
12, 3266 (1973)), or the See. tn the case of an antibody, a method may be employed wherein 
endogenous drthfol groups are reduced to thiol groups. For bonding an antibody and a fposome, the 
latter method utilizing endogenous thiol groups is preferred from the viewpoint of the maintenance of the 

ss activities. When IgG is employed, It is subjected to F(afc>> modification with an enzyme such as pepsin, 
followed by reduction with ag. dithJotfireftol to obtain Fab', whereupon thiol groups formed In Fab 1 are 
subjected to the bonding reaction with the liposome (Martin, F. J. et al., Biochemistory, 20, 4229 (1981)). 
in the case of igM, Jchain is reduced under a mild condition In accordance with a method of Miner et al. 
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(j. Bio). Cham. 257, 288 (1985)}. whereupon thiol groups of Fc moiety of igMs thereby obtained, are 
subjected to the bonding reaction with the liposome. 

(3) Bonding of the maleimide group<ontainlng liposome and the thioJ-modified protein can be 
accomplished by reacting them in a neutral buffer solution (pH8.5 to 7JS) for from 2 to 16 hours. 

6 

(4) Compound containing a tWcrf-modified polyalkylene glycol moiety 

® As the poiyalkyfene glycol moiety of the compound, polyethylene glycol or polypropylene glycol 
may, for example, be mentioned. Preferred is polyethylene glycol, and its degree of polymerization is 

io preferably from 20 to 400. . 

@ To introduce thiol groups to polyakylene glycols, various tttoWnodification reactions which are 
commonly used for hydroxy! groups, amino groups, carboxyl groups and triasne. may be employed. 
Specific examples will be given below with respect lo the case of polyethylene glycol, but it should be 
understood that the present invention is by no means restricted by such specific examples. 

15 Namely, there are a method wherein monomethoxypdyoxy ethyleneamine and various thiolcarbox* 

ylic acids are dehydrated and condensed, a method wherein pyridyl dtthioproptonyf group is introduced 
into monomethoxypolyoxy ethyleneamine by SPDP. followed by reduction, a method wherein thiol is 
introduced into monomethoxypolyoxy ethyleneamine by iminothiorane, a method wherein various 
thiolamines are bonded to active esters of monomethoxypolyoxy ethytenecarboxylic acid, and a method 

20 wherein a polyethylene glycol triazine derivative is bonded to thioiamine. 

More specifically, as shown in the foBowing Example. 2,4-bis(poiyethytene glycolh^chioro-s-triazine 
(activated PEGU, manufactured by Scikagaku Kogyo K.K.) is reacted with cysteine, followed by reduction 
to obtain a cysteine- bonded activated PEGU 

28 (5) Supporting the thioknodified protein and the compound containing the mid-modified polyalkylene glycol 
moiety on the surface of the liposome 

To bond the thlol-modfied protein and the compound containing the thiol- modified polyalkylene glycol 
moiety to the surface of the liposome, firstly, the thioknodified protein is added and reacted in a neutral 

so buffer solution to the liposome having an excess amount of malelmide groups. For example, In the case of a 
thtoi-modified antibody, the thloMnodfled antibody is employed in an amount of from 0.1% mo) to 20% mol 
per mol of maleimide groups. Then, to the remaining malelmide groups, an excess amount of the thiol- 
modified polyalkylene glycol, preferably In an amount of at least twice in equivalent, is added to obtain an 
antibody-bonded polyalkylene glyooknodified liposome. By this process, it is possible to accomplish the 

ss blocking effects of excess remaining maleimide groups. 

(8) Method of use of the drug-containing protein-bonded iposome 

The drug-containing protein-bonded liposome thus obtained, such as an adriamydn-corrtaining 
40 antibody-bonded PEG-modrfied liposome; may be formulated into a drug by a conventional method such as 
a dehydration method (Japanese PCT Publication No. 502348^1890). a method wherein a stabilizer is added 
to form a liquid formulation (Japanese Unexamined Patent Publication No. 9331/1989) or a freeze-drying 
method (Japanese Unexamined Patent Publication No. 9931/1989). 

The drug thus formulated can be used by e.g. intravascular administration or local administration such 
45 as intravesical or intraperitoneal administration against various diseases including cancer. The administration 
amount may be optionally selected depending on the drug contained in Iposome. 

In the case of an adriamydn-containing liposome, as an example, the dose is usually at most 50 mg/kg, 
preferably at most 10 mg/kg, more preferably at most 5 mg/kg. as the amount of adriamydn. 

Now, the present invention will be described in further detail with reference to Examples. However, it 
50 should be understood that' the present invention is by no means restricted to such specific Examples. 

EXAMPLE 1 

Confirmation of the effect whereby PEG-modified adriamytifHxmaminQ liposome avoids the retorfogv 
as dothelial system 

Preparation of thioknodified polyethylene glycol 

48 mg of L-cystetne was dissolved in a 0.4M boric add buffer solution. Then, 200 mg of 2,4-bis- 
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(potyethytonagtycolK^hloro^triaztna (activated PEGU, manufactured by Sefcagaku Kogyo K.K.) was 
added thereto, and the mixture was reacted at room temperature overnight To the cystelne-bonded PEG 
thus obtained, 62 mg of dhhlotfuettoi (DTT) was added, and the mixture was reacted at 37* C for 6 hours to 
obtain a solution containing a cystelne-bonded PEG. The reacOon solution was further desalted by gel 
6 filtration on GH-25 column (manufactured by Seikagaku Kogyo KJC). and the solvent was replaced by 10 
mM phosphate buffer solution pH7.4 and 0.1 5M Nad (PBS). Then, the solution was added to 7 ml of 
thiopropytsepharose SB (Pharmacia) equilibrated with PBS. Non-bonded substance was removed by 
washing with PBS. The cystelne-bonded PEG bonded to the gel was edited with PBS containing 50 mM 
DTT. Then, excess DTT was removed by gel filtration to obtain the above-identified product 

10 

Preparation of rnaldmlde-modjfied dipalmFtoytphosphatidyl ethanolamlne 

127 mg of dipalmtoyiphosphalkjyl ethanolamirie. 80 mg of ^(t^eimWocanproytoxy)sucdnimide 
(EMCS) and 44 ul of triettrybmine were added to a chloroform solution containing 1-5 of methanol and 
rs reacted under a nitrogen stream. Three hours later, 20 mg of EMCS was further added, and the mixture was 
further reacted at room temperature for 3 hours. 

After confirming that the ninhydrin reaction of the reaction solution became negative, the reaction 
solution was evaporated to dryness under reduced pressure, and the product was dissolved again in a small 
amount of chloroform. 

£0 The maJdmide-modified olpalmrtoylphosphatidyl ethanolamine was purified by chromatography using 
UNISIL (manufactured by Gaschro Kogyo K.K.). Namely, the product was added to the column equilibrated 
with chloroform and developed with an eMing solution of chloroform/mothanol = 10/1 to obtain tho dosirod 
substance. 

25 Preparation of maielmlde-containing adriamydn-toaded liposome 

1 ml of a 0.3M citric acid buffer solution pH4 was added to 100 mg of a solid lipid mixture of 
DPPG^crwIWPA/maleimio^-nfWxjined DPPE = 18rtO/2A).5 (mol ratio) (manufactured by Nippon Seika K.K.), 
and the mixture was stirred. Then, freezing-thawing was repeated five times for hydration to obtain a muW- 

$o lamella liposome. Then, the multi-lamella liposome was subjected to press-filtration ten times while heating 
at 60* C by a press apparatus (extruder, manufactured by Upex Biomembranes). provided with a polycar- 
bonate membrane having a pore size of 200 nm (nucieopore. Microscienoe). to obtain a liposome having a 
regulated particle size. This liposome solution was neutralized with a 1M NaOH solution. While heating the 
liposome solution at 60* C, adriamydn (manufactured by Kyowa HakJoo) was added in an amount of 1/10 by 

ss weight of the lipid. At least 97% of adriamydn was actively loaded to the liposome In accordance with the 
pH gradient between the interior and exterior of the liposome, to obtain a maieimide-containing adriamycin- 
loaded liposome. 

Introduction of thid-modified PEG to the maleuride<ontatoIng Sposome 

40 

To the above maieimide-containing liposome. 5 amo) of thiot-modffied PEG was added, and the mixture 
was reacted in PBS at room temperature for 6 hours to obtain a PEG-modified adriarrrydrHoeded liposome. 
Further, the liposome was subjected to gel fatration by sepharpse CL6B (pharmada) to separate unreacted 
cystetne-bonded PEG, followed by evaluation test 

45 

Study of Intracorporeal behavior 

The prepared liposome was Intravenously administered to a mouse from foe tail in an amount of 5 
mg/kg as adriamydn, and 30 minutes later, tho mouse was Idled, and adriamydn in each of tho extracted 
so organs was extracted and quantitatively analyzed in accordance with the method of Konno at al 

Namely, each organ was homogenized in a 04M hydrochloric add, 60% ethanol, heated and 
centritugaliy separated, whereupon the supernatant was measured by fluorescence of Ex 490 nm and Em 
590 nm. 

As shown in Table 1. 8 decrease in the amount of adriamydn in the fiver and spleen was observed, and 
ss maintenance of a high concentration in the blood was observed. 
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Table 1 



Concentration of adriamycin in the respective organs upon expiration of 30 minutes from the 

administration (ogfg tissue) 




free ADR 


Gp - ADR 


PEG-lip * ADR 


Blood 


02 


8.7 


173 


Uver 


182 


313 


172 


Spleen 


72 


110.1 


903 


Lung 


73 


42 


53 


Heart 


32 


13 


33 


Reu 


\A 


03 


03 


Brain 


0 


0.1 


0.3 



EXAMPLE 2 

Confirmation of the reactivity of the antibody-bonded PEG-modified liposome 

so 

1 ml of a 0.1M 6-carboxyfluorescein as a fluorescent marker was added to 100 mg of a solid lipid 
mixture (manufactured by Nippon Selka) of DPPC'chc^tnaJoirnide-modifiod OPPE = 181070.5 (mol ratio), 
and the mixture was hydrated and the particle size adjusted in the same manner as in Example 1 to obtain 
a maletmide-containing fluorescent dye-loaded iposome. 

25 

Preparation of a thiol-modified antibody 

To an antitumor mouse monoclonal antibody (IgG), 1/40 mol amount of pepsin (cooper Biomedical) in 
0.1M acetic add buffer solution pH3.5, was added, and the mixture was reacted at 37 # C overnight for 

so digestion to obtain F(abV Further, by chromatography separation with a cationic exchange resin (mono S, 
manufactured by Pharmacia), Ffab'fe was Isolated. The separation was conducted by a linear gradient of 
from OM to 1 .OM NaCI in a 0.1 M acetic acid buffer solution pH43. 

To reduce It to Fab\ 12 ul of 10% DTT was added per mg of the antibody in a 0.1M acetic acid buffer 
solution containing 0.1 5M NaCI (pH43), and the mixture was left to stand at room temperature for 80 

x> minutes. After completion of the reaction, demoralization was conducted by gel filtration on PD-10 column 
(manufactured by Pharmacia) equilibrated with PBS to obtain Fab*. To the (iposome obtained from 100 mg 
of the above lipid, 5 mg of Fb' was added, and the mixture was reacted at 37*C for 8 hours, and further 5 
umol of trtiof-rnodified polyethylene glycol was added to react it with excess maleimide. to obtain an 
antibody-bonded PEQ-modHied iposome. 

40 

Confirmation of the bonding activity of the PEG-modified antibody-bonded liposome 

Using human gastoric cancer ceB One MKN 45, of which the reactivity of the used monoclonal antibody 
had been confirmed, the reactivity of the PEG-modified antibody-bonded liposome was confirmed in vitro. 
45 The above carboxyfluoresceirHoaded antibody-bonded PEG-modified liposome was added to 8 x 10* 
ceOs of MKN 45 floated In trypdn. and the mixture was reacted In 90% human Inactivated serum at 37 # C 
for 230 minutes. The centrifugal pellet of oeQs was washed with PBS. and then carboxyftuorescein was 
freed at 60'C with 10% triton x 100. and the amount bonded to the cells was calculated by a fluoresoence 
measurement 

50 As shown in Figure 1, a high reactivity with the objective cells was observed also in the case of the 
antibody-bonded PEG-modified iposome. 

EXAMPLE 3 

as Confirmation of the pharmacological activities of the adriamydn-toaded monoclonal antibody-bonded PEG* 
modified liposome 

A solid lipid mixture of DPPOthoMnaieirrUde-modrfied DPPE = 1 an 0/0.5 (mol ratio) was treated In the 
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same manner as In Example 1 Id obtain an adriamydn-toaded mateintide-containing liposome. 

Using a human monoclonal antibody (JgQ), Fab'-modified antibody was obtained in the same manner as 
in Example 2 except that the pH for the pepsin digestion was changed to 4.0. and it was subjected to the 
bonding with the liposome. Further, it was modified by thJoWnodified PEG in the same manner to obtain an 
6 adrfemycin-toaded human monoclonal antibody-bonded PEG-modified liposome. 

Evaluation of the pharmacological activities using a human gastric cancer cefl line-transpianted nude mouse 
. system 

10 Using human cancer cefl fine MKN 45 of which the reactivity with the antibody was observed in vitro, 
and accumulation was observed in vivo with respect to the nude mouse-transplanted system, the antitumor 
activities were studied. 

For a therapeutic test 1 x 10* ceils of MKN 45 cultured, were subcutaneousfy transplanted to a nude 
mouse, and the therapeutic test was initiated when the weight of the tumor became about 100 mg ten days 
rs later. On the frst day. the fourth day and the ninth day from the initiation of the therapy, the liposome was 
intravenously administered to the mouse from the tail in an amount of 5 mgfcg as adriamyctn. To measure 
the change with time of the proliferation of the tumor, an assumed tumor weight was obtained by a 
calculation formula of short diameter x short diameter x long <fiametar/2 of the tumor in accordance with a 
Battefle Columbus method, and the change with time was shown using as a reference the weight of the 
20 tumor at the initiation of the therapy. 

As a result, as shown in Figure 2, strong antitumor activities of the adrtamydn-loaded monoclonal 
antibody-bonded PEG-modified liposome wore shown. 

With the liposome obtained by the present invention, it is possible to suppress the non-specific capture 
in the reticuloendothelial system such as liver or spleen as observed with the conventional liposomes, and 
35 thus the liposome of the present invention Is effective for use as a selective chemotherapeutic drug, 
particularly as a cancer treating drug. 

Claims 

so 1. A drug-containing protein-bonded liposome comprising a liposome containing a drug and having 
maJeimide residues on Its surface, and a protein and residues of a compound having a pofyakylene 
glycol moiety, bonded via respective thiol groups to the malelmide residues. 



35 



2. The drug^ontaining protein-bonded liposome according to Claim t , wherein the protein Is an antibody. 

3. The drug-containing protein-bonded liposome according to Claim 1, wherein the liposome is composed 
of (fpalmctoylphosphatidyl choline, cholesterol and maWrride-ntodified dipaJmitoylphosphatidyl 
eth and amine. 

40 4, The drug-containing protein-bonded liposome according to Claim 3, wherein the rnaleimkie-rnodified 
dpalrrutoyiphosphatWyl ethanotamine is the one obtained by reacting N-(*-mateimWocapit>yk^^ 
sucrinimtfe and dtpaJmrtoylphosphatidyi ethanolamine, 

& The drug-containing protein-bonded liposome according to Claim 1. wherein the protein bonded via 
45 thiol groups to the maJeimide residues is the one obtained by reacting the maJeimide residues on the 
liposome surface and a thiol-modrfied protein. 

& The dnjg-contaming protein-bonded liposome accortfing to Claim 1, wherein the residues of a 
compound having a potyaJkytonc glycol moiety bonded via thiol groups to the malelmide residues, are 
so the ones obtained by reacting the maJeimide residues on the liposome surface and a thio4-modified 
polyaflcytene glycol. 

7. An antitumor drug comprising a liposome internally containing an antitumor substance and having 
maJeimide residues on Its surface, and an antibody and poly al xylene glycol residues, bonded via 
S5 respective thiol groups to the malelmide residues. 
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